In this study, we aimed to determine the reference sites and their reference Ephemeroptera communities according to the Water Framework Directive methods in the Eastern Part of the Black Sea Region of Turkey between 2008-2011. From the area, twentyfour collecting sites were chosen. There were thirty Ephemeroptera species identified, belonging to seven families and eleven genres. Cluster analysis based on Bray-Curtis similarities was applied. Reference habitat conditions of the studied sites and their reference Ephemeroptera communities were determined by combining both ecological and statistical results. As a result, sixteen sites had reference habitat conditions and their reference Ephemeroptera species were identified.
INTRODUCTION
The European Union Water Framework Directive (WFD) is a legislation which aims to achieve at least a good ecological quality of all surface and groundwater ecosystems for all member states of the union by 2015 (Council of European Communities, 2000). According to this directive, all member states have to change their water management plans, especially on river basins. Aquatic ecology and the reference site concept are on the basis of these management plans in WFD (Council of European Communities, 2000) . It is emphasized that water is not a commercial product, it is a necessary source that should be cared for and protected. The aims of the WFD could be summarized as: prevention of devastation on aquatic ecosystems, improvement of aquatic ecosystems' health, and long-term protection of the present water resources (Van Wijk et al., 2003) .
The concept of "River Basin Management" is a new and very important approach for the member states of the EU because water bodies are not evaluated according to the governmental and political borders, but rather divided into river basins according to natural, geographical and hydrological basis (Çoşkun, 2010) .
Turkey is conducting accession negotiations with the EU as the environment constitutes one of the significant areas in aquis communautaire. Turkey, as a candidate country, is obliged to get in line with the WFD in time for membership. In this concept, there have been many studies carried out by the Ministry of Forestry and Water Affairs of Turkey. Twenty-five river basins were specified in Turkey, and the Eastern Part of the Black Sea Region is one of them.
Benthic macroinvertebrates, especially aquatic insects, have great importance in aquatic ecology (Rosenberg and Resh, 1993; Clarke et al., 2013) . Aquatic insects can be found in almost all kinds of freshwater ecosystems. Many orders are sensitive to water quality such as Ephemeroptera, Plecoptera, Odonata, Trichoptera, Coleoptera, etc. Ephemeroptera is the most important insect order in running water ecosystems (Bănăduc and Olosutean, 2013; Buffagni et al., 2001; Moog et al., 1997). There are many indicator species of clean and undegraded freshwater habitats in this order (Metcalfe, 1989; Hubbard and Peters, 1978) . Many of them are very sensitive to organic pollution, physical degradation and habitat loss.
In this study, the Eastern Part of the Black Sea Region of Turkey was chosen; the reason being that there are several mountain running waters in this region and Ephemeroptera fauna of this area is very rich compared to the other parts of Turkey. This region is also important because of the Caucasian Biodiversity Hotspot (Kazancı, 2013; Türkmen and Kazancı, 2015; Kazancı et al., 2011 Kazancı et al., , 2013 . The running waters in this region are generally unpolluted and many of them can be accepted as reference sites. However, investments and activities in tourism have recently been increasing in this region. Increasing tourism activities are starting to bring urbanization as well. Furthermore, and possibly the most devastating, there are many hydroelectric power plants already constructed on some running waters and many of them are planned for construction.
All of these factors are affecting the area in terms of the loss of aquatic habitats, reference sites and aquatic communities, (especially the Ephemeroptera species). Many Ephemeroptera species may face the danger of extinction. For this reason, determining the reference Ephemeroptera communities in this region has a great importance for the future of aquatic ecosystem studies. The knowledge about these communities gives us an opportunity for the comparative studies and the preparation of biotic indices for the region.
MATERIAL AND METHODS
In this research, 24 sites were examined in some streams in the Eastern Part of the Black Sea Region of Turkey between 2008 and 2011. Benthic macroinvertebrate samples were collected from these sites by standard kick-net and kept in 4% formaldehyde solution. After the samples were brought to the laboratory, they were washed and the Ephemeroptera individuals were separated and kept in an 80% ethyl alcohol solution. All Ephemeroptera individuals were identified to species level.
Habitat characteristics and stream zonation of the sites were given. Cluster analysis (Bray-Curtis Similarity) was applied to compare the sites in terms of their Ephemeroptera species composition and habitat type. Reference habitat conditions of the studied sites and their reference Ephemeroptera communities were determined by combining both ecological and statistical results.
This study is part of the PhD Thesis, "Systematic and Ecologic Research on the Ephemeroptera Fauna of the Eastern Black Sea Region to Take Part in the Implementation of Water Framework Directive (WFD)" (Türkmen, 2013).
Description of the study area
In this study, the Eastern part of the Black Sea Region of Turkey was chosen as the study area ( Fig. 1) , because, there are many mountain running waters in this region and Ephemeroptera fauna of this area is very rich compared to the other parts of Turkey. This region is also important since it is part of the Caucasian Biodiversity Hotspot. The running waters in this region are generally unpolluted and many of them can be accepted as reference sites. 
RESULTS AND DISCUSSION
In this study, a total of 12,252 Ephemeroptera individuals belonging to seven families, 11 genere and 30 species were identified (Tab. 1). According to the results, the highest genere and species numbers belonged to Heptageniidae with four genere and 17 species, while the highest individual numbers belonged to Baetidae with 7,586 individuals. Percentage distributions of species, genere and individual numbers were shown in table 2. All sites were classified according to System A and System B classification in WFD methods (Tab. 3). In addition to these classification parameters, we added the stream zonation. In table 3, physical degradation effects and reference habitat conditions were also given. (Odum and Barrett, 2005) . In this respect, similar aquatic habitats have similar Ephemeroptera species compositions. Similarities between collecting sites are determined with the species compositions in these sites. Different species in similar habitats or similar species in different habitats are detected by similarity analysis and these analyses provide important information about distribution of species and their ecological demands (Kocataş, 1992; Ter Braak, 1986) .
In this study, Bray-Curtis similarity analysis was applied and a cluster dendogram was generated to demonstrate the proximity relationship between the collecting sites (Fig. 2) . According to the System A and System B classifications, environmental factors and the cluster analysis results, 16 sites have reference habitat conditions while the other eight sites do not due to environmental degradations (Tab. 3).
S-1, S-2, S-3 and S-15, which did not have reference habitat conditions, differed from the other sites, because of having different typology. As it can be seen in the cluster dendogram, these sites were clustered together. Different typology caused different Ephemeroptera species compositions and this was reflected on the dendogram (Fig. 2) .
Different typology conditions are not clearly spotted in System A and System B classification. Thus, stream zonation data of the collecting site(s) were added to help with the decision making. The sites with different typology (S-1, S-2, S-3 and S-15) were situated downstream (metapotamon) (Tab. 3). Environmental characteristics and physico-chemical variables of this zone are different from the upstream zones. These differences lead to different species composition. Caenis martae, C. macrura, C. luctuosa, Ephemera danica, and Potamanthus lutheus were only found in these four sites. Stream zonation preferences of these species are mostly potamon zones (epi-, meta-and hypo-potamon) of running waters (Bauernfeind and Moog, 2002; Buffagni et al., 2009 ). These species prefer beta-mesosaprobic and alpha-mesosaprobic habitats rather than oligosaprobic and ksenosaprobic habitats (Bauernfeind and Moog, 2002; Buffagni et al., 2009 ). Saprobic characteristics of the sites where these species were found were beta-and alpha-mesosaprobic (Tab. 4). These species were compatible with not only the stream zonation preferences, but also with the habitat preferences of the sites where they were found in this study. Sites S-1, S-2, S-3 and S-15 were clustered together because they have different typology. In this concept, it would be a mistake to compare these sites to other sites. Therefore, these sites should be considered separately. The reason why these sites did not have reference condition was physical degradations around the sites.
Sites S-16, S-17 and S-18 had similar typology with the other sites, unlike S-1, S-2, S-3 and S-15. Thus, they can be compared to the others. These sites did not have reference habitat conditions (Tab. 3). Also these sites were clustered together and they had the highest similarity ratio according to the Bray-Curtis similarity analysis (Fig. 2) . Physical degradations and animal husbandry around the sites caused them to lose reference habitat characteristics. In these sites, Baetidae species (especially B. rhodani) had become quite dominant. In site S-16, dominancy of B. rhodani was 45%, entire dominancy of Baetidae species was 97%; in site S-17, dominancy of B. rhodani was 46%, entire dominancy of Baetidae species was 94%; in site S-18, dominancy of B. rhodani was 46%, entire dominancy of Baetidae species was 89% (Tab. 5). Moreover, dominancies of the species of Heptageniidae family, which have several clean and undegraded habitat indicator species, were very low in these sites (Tab. 5).
In this study, we also found that the dominancies of Baetidae species were high in non-reference sites, while the dominancies of Heptageniidae species were low. Reversely, the dominancies of Heptageniidae species were high in reference sites, while the dominancies of Baetidae species were low. Only five sites (S-5, S-6, S-9, S11 and S-14) out of twenty-four sites did not fit that result. The physical conditions, such as structure of substrate, current velocity, etc., of sites S-5, S-6, S-9 and S11 were not preferable for Heptageniidae species. Heptageniidae species mostly prefer high current velocity and rocky substratum (Bauernfeind and Moog, 2002; Buffagni et al., 2009 ). Therefore, the dominancies of Heptageniidae species were low in these sites in spite of having reference habitat conditions. According to the physico-chemical variables, site S-14 was beta-mesosaprobic (Tab. 4). In this site, there were no physical degradations or any other damaging effects, but the dominancy of Baetidae species was higher than Heptageniidae species. It was assumed that there could have been a degradation in the past and that would have affected the sensitive Heptageniidae species in time.
According to the environmental and statistical results, reference sites were determined and their reference Ephemeroptera communities were given as in table 6. 
CONCLUSIONS
Determining the reference habitats and reference communities has a great importance in Water Framework Directive. Only through this way is it possible to compare the current situation of running water with the previous one if there was any degradation in the past.
Recently, several hydroelectric power plants were constructed on some running waters in the Eastern Part of Black Sea Region and there are plans to construct several others. These constructions will create a significant effect over the running waters by destroying the natural habitats and causing loss of sensitive Ephemeroptera fauna members in the area. Therefore, it is crucial to clearly determine and show the magnitude of the variation from past to present days by comparing the Ephemeroptera communities. One of the highly emphasized subjects in WFD is the reference habitat condition, because it is necessary to detect how the current status differs from the expected status.
By using the list of reference Ephemeroptera communities, it will be possible to decide which areas have reference habitat condition or how areas are affected from different kinds of degradation. 
